This paper revisits values of the normalized energy dissipation rate ͑C ⑀ ͒ in different flows ͑two-dimensional wakes, grid turbulence, and homogeneous shear flow͒. Previously published as well as new data are considered over a relatively wide range of the Taylor-microscale Reynolds number R . C ⑀ exhibits wide scatter ͑in the range 0.5-2.5 for R Ͼ 50͒ although, for a given flow and initial conditions, it is independent of R when the latter is sufficiently large. An alternative definition ͓B. R. Pearson, P.-Å. Krogstad, and W. van de Water, "Measurements of the turbulent energy dissipation rate," Phys. Fluids 14, 1288 ͑2002͔͒ of C ⑀ has been checked in the same flows but has failed to yield a universal value for the coefficient.
This paper revisits values of the normalized energy dissipation rate ͑C ⑀ ͒ in different flows ͑two-dimensional wakes, grid turbulence, and homogeneous shear flow͒. Previously published as well as new data are considered over a relatively wide range of the Taylor-microscale Reynolds number R . C ⑀ exhibits wide scatter ͑in the range 0.5-2.5 for R Ͼ 50͒ although, for a given flow and initial conditions, it is independent of R when the latter is sufficiently large. An alternative definition ͓B. R. Pearson, P.-Å. Krogstad, and W. van de Water, "Measurements of the turbulent energy dissipation rate," Phys. Fluids 14, 1288 ͑2002͔͒ of C ⑀ has been checked in the same flows but has failed to yield a universal value for the coefficient. The dependence of the turbulent energy dissipation rate ͗⑀͘ ͑here, angular brackets denote averaging with respect to time͒ on the Taylor-microscale Reynolds number R has been studied extensively. Frisch 1 noted that the constancy of C ⑀ ͑ϵ͗⑀͘L / ͗u 2 ͘ 3/2 , where 3͗u 2 ͘ / 2 is the mean turbulent kinetic energy and L the integral length scale͒ at large enough R is one of the two experimental laws of fully developed turbulence. Others 2,3 refer to it as the zeroth law of turbulence. Kolmogorov implicitly assumed that, for large values of R , the mean energy dissipation rate should be independent of the viscosity. Thus, for a fixed turbulent kinetic energy, C ⑀ should attain a constant value as the viscosity is decreased, i.e., as R is increased. Batchelor 4 tried to verify this hypothesis in grid turbulence, albeit for a restricted range of low R . While there is general consensus that C ⑀ becomes constant for moderately large R ͑տ50, e.g., Ref. 5͒, the actual asymptotic values of C ⑀ in different turbulent flows such as wakes, jets, grid turbulence, and in numerical simulations of box turbulence display a large scatter, e.g., Refs. 6-8. Even for grid turbulence, which is to a reasonable approximation homogeneous and isotropic, differences arise between different types of grids. 6 A unique value of C ⑀ would imply that the small scales are independent of the viscosity, in the limit of large R .
In this paper, we consider new as well as published data of C ⑀ for different R and in several flow types. This collection of data represents an update of the data in Ref. 6 ͑which are not repeated here͒ and aims at assessing the influence of initial conditions on the values of C ⑀ , a point left open by Sreenivasan. 6, 7 The other purpose is to evaluate a recent suggestion for an alternate definition of the dissipation rate coefficient. Pearson et al. 9 proposed that C ⑀ should be redefined using the integral length scale ͑L p ͒ derived from the inverse of the wave number ͑L p ϵ 1/k 1p ͒ at which the onedimensional ͑1D͒ longitudinal energy spectrum premultiplied by the longitudinal wave number ͑i.e., k 1 E 11 ͒ is maximum. According to these authors, the resulting coefficient,
͒, is independent of the flow and is close to 0.5, when R տ 300. We recall that, in experiments, the integral length scale ͑L͒, which features in C ⑀ , is usually defined as
where uu ͑r 1 ͒ϵ͗u͑x 1 ͒u͑x 1 + r 1 ͒͘ / ͗u 2 ͘ is the autocorrelation coefficient of the longitudinal velocity fluctuation, the integration being usually extended to the first zero crossing ͑r 0 ͒ of uu . This limit avoids the difficulty associated with unsteadiness at low wave numbers of the velocity signal, which may prevent the autocorrelation from reaching zero at large separations, much larger than the integral length scale. In isotropic turbulence and with r 0 in Eq. ͑1͒ equal to ϱ, this definition is equivalent to
since E 11 and uu are a Fourier pair, i.e.,
is almost always applied to direct numerical simulations ͑DNS͒ data for which the three-dimensional ͑3D͒ energy spectrum E͑k͒ is known, up to a maximum value k max of the wave number. For homogeneous isotropic turbulence, ͑2͒ and ͑3͒ are equivalent ͑e.g., Ref. 10͒, which can be readily shown by considering the isotropic relation
and integrating by parts. The measurement of the mean energy dissipation rate is fraught with uncertainties, especially in connection with probe resolution and electronic noise. Further, if the turbulence is not isotropic, the 1D estimate ͗⑀͘ iso =15͗͑‫ץ‬u / ‫ץ‬x͒ 2 ͘ involves errors which are difficult to quantify. In this regard, grid turbulence has the advantage that ͗⑀͘ can be estimated indirectly, but more reliably, from the streamwise decay rate of the mean turbulent kinetic energy, 3͗u 2 ͘ ͑a large scale quantity͒, ͗⑀͘ =−͑3/2͒Ud͗u 2 ͘ / dx, where U is the mean streamwise velocity. Another "simple" flow is homogenous shear turbulence where ͗⑀͘ is ideally equal to the turbulent energy production ͑also a large scale quantity͒. However, in experimental realizations of this flow, the magnitude of ͗⑀͘ as inferred from the energy budget can differ from its 1D isotropic estimate. The difficulties in estimating L and ͗⑀͘ should be kept in mind when assessing the behavior of C ⑀ .
New measurements were made in the wakes of bluff bodies with a single hot wire ͑diameter d = 1.27 m, aspect ratio l / d Ӎ 200, sampling frequency f s in the range 3-25 kHz variable, depending on the mean velocity, low-pass filter f c = f s /2͒. A third-order polynomial was used to fit the single wire response. Two different body shapes were considered: the circular cylinder ͑diameter Ӎ28.25 mm͒ and a flat plate ͑width Ӎ25 mm͒ in the range 120տ R տ 350. Data behind biplane, square-meshed grids in the range 20ഛ x / M ഛ 80 ͑M, mesh size͒ are also reported. Three types of grids were considered: Rd44 ͑round bars, solidity 44%͒, Rd35 ͑round bars, solidity 35%͒, and Sq55 ͑square bars, solidity 55%͒. The velocity was measured with a single wire probe ͑d = 2.54 m, l / d Ӎ 200͒. Figure 1 indicates that the range of values for C ⑀ is quite large, typically in the range 0.5-2.5. Data from different wakes 11 ͑circular cylinder, square cylinder, flat plate, screen strip, and a screen cylinder͒ and active 12, 13 and passive grids have been included. If we consider each realization of either a particular wake or grid separately, then C ⑀ is approximately constant for R տ 60. However, even for a specific flow, differences exist depending on the details of the initial conditions ͑e.g., the geometry of the bluff body or the shape of the grid͒. The present grid data are for low values of R , so that some dependence on R is expected, as noted by Sreenivasan. 6 More interestingly, the geometry of the grid appears to have a persistent influence in the streamwise direction up to x / M = 80. Figure 2 reports C ⑀ p , according to the "new" definition of the integral length scale used in Ref. 9 . Some of the values of L p were evaluated after digitizing the original spectral data ͑from the references listed in the caption͒. Homogeneous shear flow 14, 15 data have also been included. The values of C ⑀ p differ from flow to flow, with 0.2Շ C ⑀ p Շ 1 for R տ 200. The effect of different initial conditions or the magnitude of the shear is appreciable, even though the scatter is reduced with this alternative definition. Although the 1D isotropic estimates of ͗⑀͘ in Refs. 14 and 15 are expected to be smaller than the values of ͗⑀͘ inferred from the energy budget, the uncertainty associated with ͗⑀͘ is unlikely to account for the difference in C ⑀ p between the two sets of homogeneous shear flow data used in Fig. 2 . A plausible explanation is that, relative to L, L p is more representative of smaller scales ͑re-call that L p is associated with the peak of k 1 E 11 and multiplication of E 11 with k 1 gives more weighting to larger wave numbers͒, and hence less sensitive to the largest ͑energy containing͒ scales, and, consequently, the initial conditions which influence primarily those scales. We have noted that the data of Mydlarski 
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Burattini, Lavoie, and Antonia Phys. Fluids 17, 098103 ͑2005͒ et al. 9 ͑their Fig. 1͒ . It seems that the latter authors, when including the data of Ref. 12 , assumed a constant value of L p ͑=0.1 m͒, irrespectively of R ͑caption of their Fig. 1͒ . Pearson et al.' s reason for preferring L p over L u is that there is a Strouhal number, associated with a "resemblance of a vortex street," 9 which is related to the peak in the distribution of k 1 E 11 . This is probably relevant to the far wake of a bluff body, where coherent vortices can still be discerned. 16, 17 In the initial period of decay of grid turbulence, a large scale organization would not be expected. In this case, the peak of the spectrum ͑after multiplying by k 1 ͒ cannot be interpreted as a signature of periodicity in the flow. It thus seems misleading to try to reconcile the differences in the values of C ⑀ by resorting to a large scale periodicity that would apply to all flow types.
A further comment needs to be made with regard to the conclusion of Pearson et al. These authors used Eq. ͑3͒ for their DNS data of homogeneous isotropic turbulence. For this flow, L is not necessarily equal to L p . To show this, one needs to consider a form of E͑k͒, such as
where the constants C p and k e L can be expressed in terms of p ͑the exponent of the spectrum for k → 0͒ only, i.e., , where B is the beta function. The 1D energy spectrum, E 11 ͑k 1 ͒, can be calculated from
͑5͒
Using ͑4͒, the integral can be expressed in terms of the incomplete beta function, B , for p ജ 3, 9 who assimilated L p to L in their DNS data, even though the difference between the two definitions is relatively small in this case.
To summarize, we have reported values of the normalized energy dissipation rate in different flows and for different initial conditions. We have used two different definitions for C ⑀ and shown that a universal value for this coefficient is not tenable. The flow type and initial conditions ͑for any given flow type͒ seem to have a persistent influence even in the fully developed region of the flows. Part of the scatter in the published asymptotic values of C ⑀ is ascribable to the uncertainty in measuring the energy dissipation rate and/or to errors in estimating the integral length scale. In direct numerical simulations of box turbulence, 7, 19, 20 where all the quantities can arguably be evaluated more reliably, C ⑀ is much less dispersed and seems to converge to 0.5 for R տ 200 ͑see Fig. 3͒ . 
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